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1 SOLUTION: An amorphous or polycrystalline silicon 

layer 13 formed on a substrate 12 is irradiated 

with a pulsed UV ray beam, thereby forming a 

silicon thin film 14 composed of silicon single 

crystal particle group on the substrate 12. In the 

above forming method of a silicon thin film, the 

traveling amount L of UV beam irradiation position 

from irradiation finish of a rectangular UV ray 

beam to the next irradiation start of the 

rectangular UV ray beam is set at most 40 /xm, and 

the ratio R (=L/W) of the traveling amount to the 

width W of the UV ray beam which is measured along 
Sc- the traveling direction is set to be 0.1-5%. Thereby a silicon thin film composed 

of nearly rectangular silicon single crystal particle group arranged in a lattice 

type on the substrate is formed. The preferred orientation to the surface of the 

substrate of silicon single crystal particles is almost (100). 
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CLAIMS 



[Claim(s)] 

[Claim 1] An ultraviolet-rays beam is irradiated in the shape of a pulse at the silicon layer of the 
amorphous substance formed on the base, or polycrystal. It is the formation approach of the silicon thin 
film which forms on a base the silicon thin film which consists of a silicon single crystal particle group. 
Movement magnitude of the ultraviolet-rays beam exposure location of a before [ from the completion 
of an exposure of a rectangle-like ultraviolet-rays beam / exposure initiation of the ultraviolet-rays beam 
of the shape of a rectangle of a degree ] is set to 40 micrometers or less. And the rate of this movement 
magnitude to the width of face of the ultraviolet-rays beam measured along the migration direction is 
made into 0.1 thru/or 5%. With, the formation approach of the silicon thin film characterized by 
consisting of the silicon single crystal particle group of the abbreviation rectangle arranged in the shape 
of a grid, and forming on a base the silicon thin film whose preferred orientation to the front face of the 
base of a silicon single crystal particle is abbreviation <100> bearing. 

[Claim 2] Die length of one side of the silicon single crystal particle of an abbreviation rectangle is the 
formation approach of the silicon thin film according to claim 1 characterized by being 0.05 micrometers 
or more. 

[Claim 3] The average thickness of a silicon thin film is the formation approach of the silicon thin film 
according to claim 1 characterized by being 1x10 to 8 m thru/or 1x10 to 7 m. 

[Claim 4] A base is the formation approach of the silicon thin film according to claim 1 characterized by 
consisting of silicon oxide or silicon nitride. 

[Claim 5] Two sides which the silicon single crystal particle of an abbreviation rectangle faces are the 
formation approach of the silicon thin film according to claim 1 characterized by accomplishing the 
include angle of the migration direction of an ultraviolet-rays beam exposure location, abbreviation 
parallel or the migration direction, and 45 abbreviation. 

[Claim 6] (b) Irradiate an ultraviolet-rays beam in the shape of a pulse at the silicon layer of the 
amorphous substance formed on the base, or polycrystal. With, the process which consists of the silicon 
single crystal particle group of the abbreviation rectangle arranged in the shape of a grid, and forms on a 
base the silicon thin film whose preferred orientation to the front face of the base of a silicon single 
crystal particle is abbreviation <100> bearing, It is the formation approach of the silicon single crystal 
particle group which changes, this silicon single crystal particle that (b)-adjoins - alienation - the 
process made into a condition — since — Movement magnitude of the ultraviolet-rays beam exposure 
location of a before [ from the completion of an exposure of a rectangle-like ultraviolet-rays beam / 
exposure initiation of the ultraviolet-rays beam of the shape of a rectangle of a degree ] is set to 40 
micrometers or less. And the formation approach of the silicon single crystal particle group characterized 
by making into 0.1 thru/or 5% the rate of this movement magnitude to the width of face of the 
ultraviolet-rays beam measured along the migration direction. 

[Claim 7] the silicon single crystal particle which said process (b) adjoins - alienation -. the formation 
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i o' approach of the silicon single crystal particle group according to claim 6 which the process made into a 
condition oxidizes the silicon thin film formed in said process (b), and is characterized by consisting of 
the process which forms the field which consists of silicon oxide between the adjoining silicon single 
crystal particles. 

[Claim 8] Die length of one side of the silicon single crystal particle of the abbreviation rectangle in the 
silicon thin film formed in said process (b) is the formation approach of the silicon single crystal particle 
group according to claim 6 characterized by being 0.05 micrometers or more. 
[Claim 9] The average thickness of the silicon thin film formed in said process (b) is the formation 
approach of the silicon single crystal particle group according to claim 6 characterized by being 1x10 to 
8 m thru/or 1x10 to 7 m. 

[Claim 10] A base is the formation approach of the silicon single crystal particle group according to 
claim 6 characterized by consisting of silicon oxide or silicon nitride. 

[Claim 11] Two sides which the silicon single crystal particle of the abbreviation rectangle in the silicon 
thin film formed in said process (b) faces are the formation approach of the silicon single crystal particle 
group according to claim 6 characterized by accomplishing the include angle of the migration direction 
i of an ultraviolet-rays beam exposure location, abbreviation parallel or the migration direction, and 45 

abbreviation. 

[Claim 12] It is the silicon thin film which consists of the silicon single crystal particle group of the 
abbreviation rectangle arranged in the shape of a grid on a base, and is characterized by the preferred 
orientation to the front face of the base of a silicon single crystal particle being abbreviation <100> 
bearing. 

[Claim 13] Die length of one side of the silicon single crystal particle of an abbreviation rectangle is a 
silicon thin film according to claim 12 characterized by being 0.05 micrometers or more. 
[Claim 14] The silicon thin film according to claim 12 characterized by average thickness being 1x10 to 
8 m thru/or 1x10 to 7 m. 

[Claim 15] A base is a silicon thin film according to claim 12 characterized by consisting of silicon 
oxide or silicon nitride. 

[Claim 16] A silicon single crystal particle group is formed by irradiating an ultraviolet-rays beam in the 
shape of a pulse at the silicon layer of the amorphous substance formed on the base, or polycrystal. The 
movement magnitude of the ultraviolet-rays beam exposure location of a before [ from the completion of 
an exposure of a rectangle-like ultraviolet-rays beam / exposure initiation of the ultraviolet-rays beam of 
the shape of a rectangle of a degree ] is 40 micrometers or less. And the rate of this movement 
magnitude to the width of face of the ultraviolet-rays beam measured along the migration direction is a 
silicon thin film according to claim 12 characterized by being 0.1 thru/or 5%. 

[Claim 17] Two sides which the silicon single crystal particle of an abbreviation rectangle faces are a 
silicon thin film according to claim 16 characterized by accomplishing the include angle of the migration 
direction of an ultraviolet-rays beam exposure location, abbreviation parallel or the migration direction, 
and 45 abbreviation. 

[Claim 18] the silicon single crystal particle which it consists of the silicon single crystal particle of two 
or more abbreviation rectangles whose preferred orientation to the front face of a base is abbreviation 
<100> bearing, and a silicon single crystal particle is arranged in the shape of a grid on a base, and 
adjoins — alienation - the silicon single crystal particle group characterized by being in a condition. 
[Claim 19] A silicon single crystal particle group irradiates an ultraviolet-rays beam in the shape of a 
pulse at the silicon layer of the amorphous substance formed on the (b) base, or polycrystal. With, it 
consists of the silicon single crystal particle group <TXF FR=0001 HE=250 WI=080 LX=0200 
LY=0300> of the abbreviation rectangle arranged in the shape of a grid on a base. The process which 
forms the silicon thin film whose preferred orientation to the front face of the base of a silicon single 
crystal particle is abbreviation <100> bearing, It is formed based on the process made into a condition, 
this silicon single crystal particle that (b)-adjoins - alienation — The movement magnitude of the 
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ultraviolet-rays beam exposure location of a before [ from the completion of an exposure of a 
rectangle-like ultraviolet-rays beam / exposure initiation of the ultraviolet-rays beam of the shape of a 
rectangle of a degree ] is 40 micrometers or less. And the rate of this movement magnitude to the width 
of face of the ultraviolet-rays beam measured along the migration direction is a silicon single crystal 
particle group according to claim 1 8 characterized by being 0. 1 thru/or 5%. 

[Claim 20] the silicon single crystal particle which said process (b) adjoins — alienation — the silicon 
single crystal particle group according to claim 19 which the process made into a condition oxidizes the 
silicon thin film formed in said process (b), and is characterized by consisting of the process which 
forms the field which consists of silicon oxide between the adjoining silicon single crystal particles. 
[Claim 21] Die length of one side of the silicon single crystal particle of the abbreviation rectangle in the 
silicon thin film formed in said process (b) is a silicon single crystal particle group according to claim 19 
characterized by being 0.05 micrometers or more. 

[Claim 22] The average thickness of the silicon thin film formed in said process (b) is a silicon single 
crystal particle group according to claim 19 characterized by being 1x10 to 8 m thru/or 1x10 to 7 m. 
[Claim 23] Two sides which the silicon single crystal particle of the abbreviation rectangle in the silicon 
thin film formed in said process (b) faces are a silicon single crystal particle group according to claim 19 
characterized by accomplishing the include angle of the migration direction of an ultraviolet-rays beam 
exposure location, abbreviation parallel or the migration direction, and 45 abbreviation. 
[Claim 24] A base is a silicon single crystal particle group according to claim 18 characterized by 
consisting of silicon oxide or silicon nitride. 

[Claim 25] An ultraviolet-rays beam is irradiated in the shape of a pulse at the silicon layer of the 
amorphous substance formed on the base, or polycrystal. After forming on a base the silicon thin film 
which consists of a silicon single crystal particle group, It is the manufacture approach of the 
semiconductor device which includes the process which forms a source drain field and a channel field in 
this silicon thin film or a silicon single crystal particle. Movement magnitude of the ultraviolet-rays 
beam exposure location of a before [ from the completion of an exposure of a rectangle-like 
ultraviolet-rays beam / exposure initiation of the ultraviolet-rays beam of the shape of a rectangle of a 
degree ] is set to 40 micrometers or less. And the rate of this movement magnitude to the width of face 
of the ultraviolet-rays beam measured along the migration direction is made into 0.1 thru/or 5%. With, 
the manufacture approach of the semiconductor device characterized by consisting of the silicon single 
crystal particle group of the abbreviation rectangle arranged in the shape of a grid, and forming on a base 
the silicon thin film whose preferred orientation to the front face of the base of a silicon single crystal 
particle is abbreviation <100> bearing. 

[Claim 26] Die length of one side of the silicon single crystal particle of an abbreviation rectangle is the 
manufacture approach of the semiconductor device according to claim 25 characterized by being 0.05 
micrometers or more. 

[Claim 27] The average thickness of a silicon thin film is the manufacture approach of the 
semiconductor device according to claim 25 characterized by being 1x10 to 8 m thru/or 1x10 to 7 m. 
[Claim 28] A base is the manufacture approach of the semiconductor device according to claim 25 
characterized by consisting of the silicon oxide or the silicon nitride formed on the substrate. 
[Claim 29] Two sides which the silicon single crystal particle of an abbreviation rectangle faces are the 
manufacture approach of the semiconductor device according to claim 25 characterized by 
accomplishing the include angle of the migration direction of an ultraviolet-rays beam exposure location, 
abbreviation parallel or the migration direction, and 45 abbreviation. 

[Claim 30] (b) Irradiate an ultraviolet-rays beam in the shape of a pulse at the silicon layer of the 
amorphous substance formed on the tunnel oxide film, or polycrystal. With, the process which consists 
of the silicon single crystal particle group of the abbreviation rectangle arranged in the shape of a grid, 
and forms the silicon thin film whose preferred orientation to the front face of the tunnel oxide film of a 
silicon single crystal particle is abbreviation <100> bearing on a tunnel oxide film, this silicon single 
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crystal particle that (b)-adjoins - alienation - the process which forms the floating gate which considers 
as a condition, with consists of a silicon single crystal particle group ~ Are the manufacture approach of 
a ****** flash plate memory cell, and movement magnitude of the ultraviolet-rays beam exposure 
location of a before [ from the completion of an exposure of a rectangle-like ultraviolet-rays beam / 
exposure initiation of the ultraviolet-rays beam of the shape of a rectangle of a degree ] is set to 40 
micrometers or less. And the manufacture approach of the flash plate memory cell characterized by 
making into 0.1 thru/or 5% the rate of this movement magnitude to the width of face of the 
ultraviolet-rays beam measured along the migration direction. 

[Claim 3 1] the silicon single crystal particle which said process (b) adjoins ,-- alienation — the 
manufacture approach of the flash plate memory cell according to claim 30 which the process made into 
a condition oxidizes the silicon thin film formed in said process (b), and is characterized by consisting of 
the process which forms the field which consists of silicon oxide between the adjoining silicon single 
crystal particles. 

[Claim 32] Die length of one side of the silicon single crystal particle of the abbreviation rectangle in the 
silicon thin film formed in said process (b) is the manufacture approach of the flash plate memory cell 
according to claim 30 characterized by being 0.05 micrometers or more. 

[Claim 33] The average thickness of the silicon thin film formed in said process (b) is the manufacture 
approach of the flash plate memory cell according to claim 30 characterized by being 1x10 to 8 m 
thru/or 1x10 to 7 m. 

[Claim 34] Two sides which the silicon single crystal particle of the abbreviation rectangle in the silicon 
thin film formed in said process (b) faces are the manufacture approach of the flash plate memory cell 
according to claim 30 characterized by accomplishing the include angle of the migration direction of an 
ultraviolet-rays beam exposure location, abbreviation parallel or the migration direction, and 45 
abbreviation. 

[Claim 35] It is the semiconductor device characterized by consisting of the silicon single crystal particle 
group of the abbreviation rectangle arranged in the shape of a grid on a base, equipping the preferred 
orientation to the front face of the base of a silicon single crystal particle with the source drain field and 
channel field which were formed in the silicon thin film which is abbreviation <100> bearing, or this 
silicon single crystal particle, and changing. 

[Claim 36] Die length of one side of the silicon single crystal particle of an abbreviation rectangle is a 
semiconductor device according to claim 35 characterized by being 0.05 micrometers or more. 
[Claim 37] The average thickness of a silicon thin film is a semiconductor device according to claim 35 
characterized by being 1x10 to 8 m thru/or 1x10 to 7 m. 

[Claim 38] A base is a semiconductor device according to claim 35 characterized by consisting of the 
silicon oxide or the silicon nitride formed on the substrate. 

[Claim 39] A silicon single crystal particle group is formed by irradiating an ultraviolet-rays beam in the 
shape of a pulse at the silicon layer of the amorphous substance formed on the base, or polycrystal. The 
movement magnitude of the ultraviolet-rays beam exposure location of a before [ from the completion of 
an exposure of a rectangle-like ultraviolet-rays beam / exposure initiation of the ultraviolet-rays beam of 
the shape of a rectangle of a degree ] is 40 micrometers or less. And the rate of this movement 
magnitude to the width of face of the ultraviolet-rays beam measured along the migration direction is a 
semiconductor device according to claim 35 characterized by being 0.1 thru/or 5%. 
[Claim 40] Two sides which the silicon single crystal particle of an abbreviation rectangle faces are a 
semiconductor device according to claim 39 characterized by accomplishing the include angle of the 
migration direction of an ultraviolet-rays beam exposure location, abbreviation parallel or the migration 
direction, and 45 abbreviation. 

[Claim 41] A semiconductor device is a semiconductor device according to claim 35 characterized by 
being the thin film transistor of a bottom product gate mold. 

[Claim 42] the silicon single crystal particle which it is the flash plate memory cell equipped with the 
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floating gate which is formed on a tunnel oxide film and consists of the silicon single crystal particle of 
two or more abbreviation rectangles whose preferred orientation to the front face of a tunnel oxide film 
is abbreviation <100> bearing, and a silicon single crystal particle is arranged in the shape of a grid on a 
tunnel oxide film, and adjoins — alienation — the flash plate memory cell characterized by being in a 
condition. 

[Claim 43] Two or more silicon single crystal particles irradiate, an ultraviolet-rays beam in the shape of 
a pulse at the silicon layer of the amorphous substance formed on the (b) tunnel oxide film, or 
polycrystal. With, the process which consists of the silicon single crystal particle group of the 
abbreviation rectangle arranged in the shape of a grid, and forms the silicon thin film whose preferred 
orientation to the front face of the tunnel oxide film of a silicon single crystal particle is abbreviation 
<100> bearing on a tunnel oxide film, It is formed based on the process made into a condition, this 
silicon single crystal particle that (b)-adjoins — alienation — The movement magnitude of the 
ultraviolet-rays beam exposure location of a before [ from the completion of an exposure of a 
rectangle-like ultraviolet-rays beam / exposure initiation of the ultraviolet-rays beam of the shape of a 
rectangle of a degree ] is 40 micrometers or less. And the rate of this movement magnitude to the width 
of face of the ultraviolet-rays beam measured along the migration direction is a flash plate memory cell 
according to claim 42 characterized by being 0.1 thru/or 5%. 

[Claim 44] the silicon single crystal particle which said process (b) adjoins — alienation ~ the flash plate 
memory cell according to claim 43 which the process made into a condition oxidizes the silicon thin film 
formed in said process (b), and is characterized by consisting of the process which forms the field which 
consists of silicon oxide between the adjoining silicon single crystal particles. 

[Claim 45] Die length of one side of the silicon single crystal particle of the abbreviation rectangle in the 
silicon thin film formed in said process (b) is a flash plate memory cell according to claim 43 
characterized by being 0.05 micrometers or more. 

[Claim 46]- The average thickness of the silicon thin film formed in said process (b) is a flash plate 
memory cell according to claim 43 characterized by being 1x10 to 8 m thru/or 1x10 to 7 m. 
[Claim 47] Two sides which the silicon single crystal particle of the abbreviation rectangle in the silicon 
thin film formed in said process (b) faces are a flash plate memory cell according to claim 43 
characterized by accomplishing the include angle of the migration direction of an ultraviolet-rays beam 
exposure location, abbreviation parallel or the migration direction, and 45 abbreviation. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to a semiconductor device, flash plate memory cells, and 
those manufacture approaches at a new silicon thin film, silicon single crystal particle groups and those 
formation approaches, and a list. 
[0002] 

, [Description of the Prior Art] The silicon thin film which consists of the silicon single crystal particle 
group formed on the base is used for various kinds of semiconductor devices called the semiconductor 
device adapting a thin film transistor (it abbreviates to TFT hereafter), or a SOI technique, and a solar 
battery, or application to production of a micro machine is considered again. 

[0003] In the field of a semiconductor device, the laminating mold SRAM which used TFT for the load 
component is proposed, for example. Moreover, TFT is used also for the liquid crystal panel for LCD. 
For example, in TFT of which high performance is required, the silicon thin film which consists of a 
silicon single crystal particle group is usually used for carrier mobility (mu), conductivity (sigma), an 
ON state current property, a subSURESSHORUDO property, and electrical characteristics, such as ON / 
OFF state current ratio. And efforts to aim at improvement in SRAM or the property of TFT are 
advanced by enlarging magnitude of a silicon single crystal particle (diameterf of a large drop ]-izing), 
combining it, reducing a twin crystal consistency, and reducing the trap consistency in a silicon single 
crystal particle. 

[0004] In order to raise the electrical characteristics of this silicon thin film, diameter-ization of a large 
drop of a silicon single crystal particle (- 1 micrometer) is considered by the SPC technique (Solid Phase 
Crystallization, solid phase crystallization from amorphous silicon), and the ELA technique (Excimer 
Laser Anneal, melting crystallization using excimer laser). As the membrane formation approach of a 
silicon thin film based on an ELA technique, it is reference. "Dependence of Crystallization Behaviors of 
Excimer Laser Annealed Amorphous Silicon Film on the Number of Laser Shot' 1 , BJung, et al., 
AM-LCD 95, and pp 1 17-120 It is known. According to this reference, the preferred orientation of a 
silicon single crystal particle is supposed that the silicon thin film which is abbreviation <1 1 1> bearing 
can be formed by repeating excimer laser in an amorphous silicon layer, and irradiating it. furthermore — 
as the membrane formation approach of a silicon thin film based on an ELA technique — for example, 
reference "Crystal forms by solid-state recrystallization of amorphous Si films on Si02", T.Noma, and 
Appl.Phys.Lett. ~ 59 (6), 5August 1991, and pp 653-655 It is known. According to this reference, the 
formed silicon single crystal particle has <1 10> bearings, and contains detailed {111} twin crystal. 
[0005] furthermore, the graphoepitaxial growth technique of the silicon thin film using a strip heater — 
for example, reference "Silicon graphoepitaxy using a strip-heater oven", M.W.Geis, et al., and 
Appl.Phys.Lett. - 37 (5), 1 September 1980, and pp 454-456 from — it is well-known. According to this 
reference, the silicon thin film on Si02 serves as texture (100). 
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[0006] Or formation of the silicon thin film which consists of a silicon single crystal particle group is 
performed again also by chemical vapor deposition (CVD method) or the random solid phase grown 
method. About formation of the polish recon crystal grain by the CVD method, JP,63-307431,A and 
JP,63-307776,A are well-known, for example. According to the technique indicated by these official 
reports, the preferred orientation of a silicon single crystal particle is <1 1 1> bearings. By the way, in the 
usual chemical vapor deposition, when it is going to form the silicon thin film which consists of a big 
silicon single crystal particle group, it is difficult to form the silicon film which has uniform 
membraneous quality and has high mobility by low leak. In a random solid phase grown method, 
although the particle size of a silicon single crystal particle is able to form the diameter[ of a large drop 
]-ized silicon thin film 1 micrometers or more, it is difficult to grow up a silicon single crystal particle 
selectively, and, moreover, the grain boundary exists in a TFT active region in many cases. 
Consequently, dispersion arises in a TFT property by some of grain boundary fields, and there is a 
problem of causing compaction of the life time of TFT. 
[0007] 

[Problem(s) to be Solved by the Invention] In all the techniques indicated by these various reference and 
the patent disclosure official report, the silicon single crystal particle group is not regularly arranged on 
an insulator layer. If it becomes possible to arrange a silicon single crystal particle group on an insulator 
layer regularly, control of a property much more more advanced than that of TFT and homogeneous 
improvement in a property can be aimed at, for example, it becomes possible to form one TFT in one 
silicon single crystal particle, and the further development of a SOI technique can be expected. 
[0008] The approach of arranging a silicon nucleus or a crystalline nucleus in a desired location, and 
forming the silicon single crystal particle of the diameter of a large drop in it based on this silicon 
nucleus or crystalline nucleus is well-known from JP,3-125422,A, JP,5-226246,A, JP,6-97074,A, or 
JP,6-302512,A. In the technique indicated by JP,3-125422,A, although it is necessary to form a minute 
silicon nucleus or a minute crystalline nucleus by performing patterning using a lithography technique, it 
is difficult to form a minute silicon nucleus or a minute crystalline nucleus with a lithography technique 
with the present technique. When the magnitude of a silicon nucleus or a crystalline nucleus is large, 
polycrystal is easy to be formed, it is easy to generate twin crystal and a rearrangement, and lowering of 
a throughput is caused. Moreover, it can converge thinly, and in the technique indicated by 
JP,5-226246,A, JP,6-97074,A, or JP,6-302512,A, it is necessary to irradiate the energy beam in which 
direct writing is possible at an amorphous silicon layer, or to perform an ion implantation. So, since the 
formation process of a silicon single crystal particle needs about [ being complicated ] and a solid phase 
growth process, in order to obtain a silicon single crystal particle, long duration is required, and there is a 
problem of causing lowering of a throughput. 

[0009] On the other hand, development of current and nonvolatile memory is performed briskly. And 
examination is wholeheartedly advanced focusing on the flash memory which has floating-gate structure, 
and low-battery-ization is advanced with detailed-ization of a memory cell. In this flash memory, the 
writing and elimination of data are performed by pouring a charge into the floating gate or emitting a 
charge from the floating gate; Although various kinds of charge pouring-in methods are proposed, the 
channel hot electron pouring-in method and the method of impressing high electric field (for example, 8 
or more MV/cm) to a tunnel oxide film, and passing Fowler Nordheim tunnel current are common. 
[0010] by the way, the thing which dispersion in the particle size of the polycrystalline silicon particle 
which constitutes the floating gate makes the threshold voltage after data elimination produce fluctuation 
in this flash memory — reference "nonvolatile memory and its scaling", the Institute of Electronics, 
Information and Communication Engineers, Vol.9, No.5,469-484 page, and May, 1996 It is reported. 
Moreover, the flash memory which constitutes the floating gate from silicon nano crystal is reference as 
a way stage for realizing the flash memory of the future low-battery actuation made detailed. "A silicon 
nanocrystal based memory", S.Tiwari, et ah, Appl.Phys.Lett.68(10), 4, pp 1377-1379, and 4 March 1996 
It is proposed. Furthermore, the single electron memory operated by the low battery as one gestalt of the 
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nonvolatile memory of the generation exceeding the present semiconductor device using little stored 
charge (electron) is reference. "A Room-Temperature Single-Electron memory Device Using Fine-Grain 
Polycrystalline Silicon", KYano, et al., IEDM93, and pp 541-544 It is proposed. 
[001 1] In order to realize the flash memory which fluctuation cannot produce easily in the threshold 
voltage after data elimination, it is necessary to make as small as possible particle-size dispersion of the 
silicon crystal grain child who constitutes the floating gate. Moreover, in order [ which uses few charges 
] to realize the flash memory of the low-battery actuation made detailed, it is necessary to form a detailed 
silicon crystal grain child with a sufficient controllability regularly on a thin insulator layer (tunnel oxide 
film). . 

[0012] Therefore, particle-size dispersion makes it possible to arrange a small silicon single crystal 
particle group on a base regularly, and the object of this invention has it in providing with a 
semiconductor device or flash plate memory cells, and those manufacture approaches the silicon thin 
film obtained by the formation approach of of the silicon thin film or silicon single crystal particle group 
which can moreover perform formation of a silicon single crystal particle group easily in a short time, 
and this formation approach or a silicon single crystal particle group, and a list. 
[0013] 

[Means for Solving the Problem] The formation approach of the silicon thin film of this invention for 
attaining the above-mentioned object is the formation approach of the silicon thin film which forms on a 
base the silicon thin film which irradiates an ultraviolet-rays beam in the shape of a pulse, and changes 
from a silicon single crystal particle group to the silicon layer of the amorphous substance formed on the 
base, or polycrystal. The movement magnitude (L) of the ultraviolet-rays beam exposure location of a 
before [ from the completion of an exposure of a rectangle-like ultraviolet-rays beam / exposure 
initiation of the ultraviolet-rays beam of the shape of a rectangle of a degree ] And 40 micrometers or 
less, This movement magnitude to the width of face (W) of the ultraviolet-rays beam which set to 4 
micrometers or less preferably, and was measured along the migration direction comparatively (R=L/W) 
0.1 thru/or 5%, It considers as 0.5% thru/or 2.5% preferably, with is characterized by consisting of the 
silicon single crystal particle group of the abbreviation rectangle arranged in the shape of a grid, and 
forming on a base, the silicon thin film whose preferred orientation to the front face of the base of a 
silicon single crystal particle is abbreviation <100> bearing. 

[0014] The silicon thin film of this invention consists of the silicon single crystal particle group of the 
abbreviation rectangle arranged in the shape of a grid on a base, and it is characterized by the preferred 
orientation to the front face of the base of a silicon single crystal particle being abbreviation <100> 
bearing. 

[0015] The manufacture approach of the semiconductor device of this invention for attaining the 
above-mentioned object is the manufacture approach of the semiconductor device which includes the 
process which forms a source drain field and a channel field in this silicon thin film or a silicon single 
crystal particle, after forming on a base the silicon thin film which irradiates an ultraviolet-rays beam in 
the shape of a pulse, and changes from a silicon single crystal particle group to the silicon layer of the 
amorphous substance formed on the base, or polycrystal. The movement magnitude (L) of the 
ultraviolet-rays beam exposure location of a before [ from the completion of an exposure of a 
rectangle-like ultraviolet-rays beam / exposure initiation of the ultraviolet-rays beam of the shape of a 
rectangle of a degree ] And 40 micrometers or less, This movement magnitude to the width of face (W) 
of the ultraviolet-rays beam which set to 4 micrometers or less preferably, and was measured along the 
migration direction comparatively (R=L/W) 0.1 thru/or 5%, It considers as 0.5% thru/or 2.5% preferably, 
with is characterized by consisting of the silicon single crystal particle group of the abbreviation 
rectangle arranged in the shape of a grid, and forming on a base, the silicon thin film whose preferred 
orientation to the front face of the base of a silicon single crystal particle is abbreviation <100> bearing. 
[0016] It is characterized by for the semiconductor device of this invention consisting of the silicon 
single crystal particle group of the abbreviation rectangle arranged in the shape of a grid on a base, and 
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equipping the preferred orientation to the front face of the base of a silicon single crystal particle with 
the source drain field and channel field which were formed in the silicon thin film which is abbreviation 
<100> bearing, or this silicon single crystal particle, and changing. 

[0017] Various kinds of semiconductor devices, such as a thin film transistor of the top gate mold used 
for example, for the liquid crystal panel for LCD or a bottom product gate mold, a semiconductor device 
(for example, thin film transistor as a load component of the laminating mold SRAM) adapting a SOI 
technique, and an MOS mold semiconductor device, can be illustrated as a semiconductor device 
manufactured by the manufacture approach of the semiconductor device of this invention, or the 
semiconductor device of this invention. Moreover, application to not only the application to manufacture 
of these semiconductor devices but manufacture of a solar battery or production of a micro machine is 
possible for the silicon thin film and its formation approach of this invention. 

[0018] As for die length of one side of the silicon single crystal particle of an abbreviation rectangle, in a 
semiconductor device and its manufacture approach, it is preferably desirable in the silicon thin film of 
this invention and its formation approach, and a list that it is 0.1 micrometers or more 0.05 micrometers 
or more. Here, not only the silicon single crystal particle whose configuration is a rectangle but the 
silicon single crystal particle of the rectangle which lacked the angle is contained in vocabulary called 
the silicon single crystal particle of an abbreviation rectangle. Moreover, die length of one side in the 
case of being the silicon single crystal particle of the rectangle which lacked the angle means die length 
of one side of the silicon single crystal particle of the rectangle which compensates the missing angle and 
is obtained. It is the same as that of below, moreover, the average thickness of a silicon thin film — 1x10 
to 8 m thru/or 1x10 - it is preferably desirable 1x10 to 8 m thru/or that they are 1x10 to 8 m thru/or 
4x10 to 8 m more preferably 6x10 to 8 m -7 m. There is a possibility that trouble may arise [ the average 
thickness of a silicon thin film ], for example in manufacture of a semiconductor device in less than 
1x10 - 8m. On the other hand, when the average thickness of a silicon thin film exceeds 1x10 to 7 m, the 
thickness of the silicon layer of the amorphous substance needed in order to obtain this silicon thickness, 
or polycrystal becomes thick too much, and there is a possibility that the preferred orientation to the 
front face of the base of a silicon single crystal particle may be no longer abbreviation <100> bearing. In 
addition, what is necessary is just to measure the average thickness of a silicon thin film with an 
ellipsometer, an optical part light reflex interferometer, etc. 

[0019] It sets to a semiconductor device at the silicon thin film list of this invention. A silicon single 
crystal particle group is formed by irradiating an ultraviolet-rays beam in the shape of a pulse at the 
silicon layer of the amorphous substance formed on the base, or polycrystal. The movement magnitude 
(L) of the ultraviolet-rays beam exposure location of a before [ from the completion of an exposure of a 
rectangle-like ultraviolet-rays beam / exposure initiation of the ultraviolet-rays beam of the shape of a 
rectangle of a degree ] 40 micrometers or less, As for the rate (R=L/W) of this movement magnitude to 
the width of face (W) of the ultraviolet-rays beam which is 4 micrometers or less preferably, and was 
measured along the migration direction, it is desirable 0.1 thru/or that they are 0.5% thru/or 2.5% 
preferably 5%. In addition, two sides to which the silicon single crystal particle of an abbreviation 
rectangle faces the silicon thin film or its formation approach list of this invention in a semiconductor 
device or its manufacture approach accomplish the include angle of the migration direction of an 
ultraviolet-rays beam exposure location, abbreviation parallel or the migration direction, and 45 
abbreviation. The crystal face which constitutes these two sides is {220} sides. That is, the crystal face 
which constitutes one side of the silicon single crystal particle of an abbreviation rectangle is {220} 
sides. 

[0020] The formation approach of the silicon single crystal particle group of this invention for attaining 
the above-mentioned object An ultraviolet-rays beam is irradiated in the shape of a pulse at the silicon 
layer of the amorphous substance formed on the (b) base, or polycrystal. With, the process which 
consists of the silicon single crystal particle group of the abbreviation rectangle arranged in the shape of 
a grid, and forms on a base the silicon thin film whose preferred orientation to the front face of the base 
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of a silicon single crystal particle is abbreviation <100> bearing, this silicon single crystal particle that 
(b)-adjoins — alienation — . it is the formation approach of the silicon single crystal particle group which 
consists of the process made into a condition. And the rate (R=L/W) of this movement magnitude to the 
width of face (W) of the ultraviolet-rays beam which set preferably movement magnitude (L) of the 
ultraviolet-rays beam exposure location of a before [ from the completion of an exposure of a 
rectangle-like ultraviolet-rays beam / exposure initiation of the ultraviolet-rays beam of the shape of a 
rectangle of a degree ] to 4 micrometers or less, and measured it along the migration direction 40 
micrometers or less is characterized by 0.1 thru/or considering as 0.5% thru/or 2.5% preferably 5%. 
[0021] the silicon single crystal particle which the silicon single crystal particle group of this invention 
consists of the silicon single crystal particle of two or more abbreviation rectangles whose preferred 
orientation to the front face of a base is abbreviation <100> bearing, and a silicon single crystal particle 
is arranged in the shape of a grid on a base, and adjoins — alienation - it is characterized by being in a 
condition. 

[0022] The manufacture approach of the flash plate memory cell of this invention for attaining the 
above-mentioned object An ultraviolet-rays beam is irradiated in the shape of a pulse at the silicon layer 
of the amorphous substance formed on the (b) tunnel oxide film, or polycrystal. With, the process which 
consists of the silicon single crystal particle group of the abbreviation rectangle arranged in the shape of 
a grid, and forms the silicon thin film whose preferred orientation to the front face of the tunnel oxide 
film of a silicon single crystal particle is abbreviation <100> bearing on a tunnel oxide film, this silicon 
single crystal particle that (b)-adjoins — alienation — it is the manufacture approach of a flash plate 
memory cell including the process which forms the floating gate which considers as a condition, with 
consists of a silicon single crystal particle group. And the rate (R=L/W) of this movement magnitude to 
the width of face (W) of the ultraviolet-rays beam which set preferably movement magnitude (L) of the 
ultraviolet-rays beam exposure location of a before [ from the completion of an exposure of a 
rectangle-like ultraviolet-rays beam / exposure initiation of the ultraviolet-rays beam of the shape of a 
rectangle of a degree ] to 4 micrometers or less, and measured it along the migration direction 40 
micrometers or less is characterized by 0.1 thru/or considering as 0.5% thru/or 2.5% preferably 5%. 
[0023] the silicon single crystal particle which it is the flash plate memory cell equipped with the 
floating gate which the flash plate memory cell of this invention is formed on a tunnel oxide film, and 
consists of the silicon single crystal particle of two or more abbreviation rectangles whose preferred 
orientation to the front face of a tunnel oxide film is abbreviation <100> bearing, and a silicon single 
crystal particle is arranged in the shape of a grid on a tunnel oxide film, and adjoins — alienation - it is 
characterized by being in a condition, in addition, alienation — as for the thickness of the silicon single 
crystal particle in a condition, it is desirable 1x10 to 8 m thru/or that they are 2x10 to 8 m thru/or 5x10 to 
8 m preferably 8x 1 0 to 8 m. 

[0024] Fundamentally, the flash plate memory cell manufactured by the manufacture approach of the 
flash plate memory cell of this invention or the flash plate memory cell of this invention consists of the 
control gates with the wrap insulator layer in the source drain field and channel field which were formed 
in the semi-conductor substrate or the silicon layer, the tunnel oxide film formed on it, the floating gate 
formed on the tunnel oxide film, and this floating gate. 

[0025] In the silicon single crystal particle group or flash plate memory cell of this invention An 
ultraviolet-rays beam is irradiated in the shape of a pulse at the silicon layer of the amorphous substance 
formed on the base (or tunnel oxide film), or polycrystal. a silicon single crystal particle group - (**) ~ 
With, it consists of the silicon single crystal particle group of the abbreviation rectangle arranged in the 
shape of a grid on a base (or tunnel oxide film), this silicon single crystal particle that (b)-adjoins the 
process which forms the silicon thin film whose preferred orientation to the front face of the base (or 
tunnel oxide film) of a silicon single crystal particle is abbreviation <100> bearing - alienation — it is 
formed based on the process made into a condition. And as for the rate (R=L/W) of this movement 
magnitude to the width of face (W) of the ultraviolet-rays beam which 40 micrometers or less of 
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movement magnitude of the ultraviolet-rays beam exposure location of a before [ from the completion of 
an exposure of a rectangle-like ultraviolet-rays beam / exposure initiation of the ultrayiolet-rays beam of 
the shape of a rectangle of a degree ] (L) are 4 micrometers or less preferably, and was measured along 
the migration direction, it is desirable 0. 1 thru/or that they are 0.5% thru/or 2.5% preferably 5%. 
[0026] hraddition, the silicon single crystal particle which process (b) adjoins in the silicon single 
crystal particle group, its formation approach, the flash plate memory cell, or its manufacture approach 
of this invention — alienation - the process made into a condition oxidizes the silicon thin film formed 
in process (b), and it is desirable to consist of the process which forms the field which consists of silicon 
oxide between the adjoining silicon single crystal particles, or the silicon single crystal particle which 
process (b) adjoins again — alienation — as for the process made into a condition, it is desirable to consist 
of the process which etches the silicon thin film formed in process (b), and forms space between the 
adjoining silicon single crystal particles. Moreover, although the thing short as much as possible of die 
length of one side of the silicon single crystal particle of the abbreviation rectangle in the silicon thin 
film formed in process (b) is desirable, it is desirable practically that it is 0.05 micrometers or more, or 
the average thickness of the silicon thin film formed in process (b) again ~ 1x10 to 8 m thru/or 1x10 — it 
is preferably desirable 1x10 to 8 m thru/or that they are 1x10 to 8 m thru/or 4x10 to 8 m more preferably 
6x10 to 8 m -7 m. Furthermore, two sides which the silicon single crystal particle of the abbreviation 
rectangle in the silicon thin film formed in process (b) faces accomplish the include angle of the 
migration direction of an ultraviolet-rays beam exposure location, abbreviation parallel or the migration 
direction, and 45 abbreviation. The crystal face which constitutes these two sides is {220} sides. That is, 
the crystal face which constitutes one side of the silicon single crystal particle of an abbreviation 
rectangle is {220} sides. 

[0027] As the base in this invention, or a tunnel oxide film, although the laminated structure of silicon 
oxide (Si02), silicon nitride (SiN), SiON, silicon oxide, and silicon nitride or the laminated structure of 
silicon oxide, silicon nitride, and silicon oxide can be illustrated, it is not limited to these. A base etc. 
can be formed by oxidizing or nitriding the front face of for example, a silicon semi-conductor substrate, 
or can also be formed with a CVD method etc. after a semi-conductor substrate, various kinds of layers, 
wiring, etc. again. 

[0028] As an ultraviolet-rays beam, the XeCl excimer laser which has the wavelength of 308nm, and all 
solid-state ultraviolet laser can be illustrated, for example. As for the width of face (W) of the 
ultraviolet-rays beam of the shape of a rectangle measured along the migration direction, it is desirable 
that they are 40 micrometers thru/or about 1mm. The die length of the ultraviolet-rays beam of the shape 
of a rectangle measured along the migration direction and the direction of a right angle is arbitrary. It is 
desirable to use an ultraviolet-rays beam with the very sharp standup of the energy in the edge of an 
ultraviolet-rays beam. Although the combination of the beam homogenizer which equalizes XeCl 
excimer laser equipment, an attenuator, and a beam in the shape of a rectangle, and a reflecting mirror 
can be mentioned as a source of an ultraviolet-rays beam which injects such an ultraviolet-rays beam, it 
is not limited to this. 

[0029] The movement magnitude (L) of the ultraviolet-rays beam exposure location of a before [ from 
the completion of an exposure of a rectangle-like ultraviolet-rays beam / exposure initiation of the 
ultraviolet-rays beam of the shape of a rectangle of a degree ] exceeds 40 micrometers, or When 
movement magnitude exceeds comparatively (R=L/W) 5% of the width of face (W) of the 
ultraviolet-rays beam measured along the migration direction of an ultraviolet-rays beam exposure 
location, There is a possibility that the silicon single crystal particle group of the abbreviation rectangle 
arranged in the shape of a grid may no longer be formed on a base, or there is a possibility that the 
preferred orientation to the front face of the base of a silicon single crystal particle may be no longer 
abbreviation <100> bearing again. Moreover, a throughput becomes low too much by less than 0.1% of 
the width of face (W) of the ultraviolet-rays beam of movement magnitude measured comparatively 
(R=LAV) along the migration direction of an ultraviolet-rays beam exposure location. In addition, the 
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source of an ultraviolet-rays beam is fixed, a base may be moved, a base may be fixed, and the source of 
an ultraviolet-rays beam may be moved, or both a base and the source of an ultraviolet-rays beam may be 
moved again. 

[0030] In addition, when the silicon single crystal particle of 30% or more of number has abbreviation 
<100> bearing to the front face of the base of a silicon single crystal particle among the silicon single 
crystal particles which constitute a silicon single crystal particle group, it is specified that the preferred 
orientation to the front face of the base of a silicon single crystal particle is abbreviation <100> bearing. 
Moreover, it means including the silicon single crystal particle which is not parallel as strictly as the 
direction where <100> bearings of a silicon single crystal particle are vertical on the surface of a base as 
it is abbreviation <100> bearing. In addition, it is called preferred orientation also with preferred 
orientation. Bearing of a crystal is not disorderly in the polycrystalline substance which has a 
membranous configuration, and when many crystals have arranged a fixed crystallographic axis, the 
crystal face, etc. in a certain specific direction, such structure is called texture or the fiber structure. And 
the crystallographic axis which is carrying out orientation is called preferred orientation. 
[0031] Set to this invention and movement magnitude (L) of the ultraviolet-rays beam exposure location 
of a before [ from the completion of an exposure of a rectangle-like ultraviolet-rays beam / exposure 
initiation of the ultraviolet-rays beam of the shape of a rectangle of a degree ] is set to 40 micrometers or 
less why. And by [ of this movement magnitude to the width of face (W) of the ultraviolet-rays beam 
measured along the migration direction of an ultraviolet-rays beam exposure location ] considering as 
0. 1 thru/or 5% comparatively (R=L/W) There are many unknown points about whether on a base, does it 
consist of the silicon single crystal particle group of the abbreviation rectangle arranged in the shape of a 
grid and the silicon thin film whose preferred orientation to the front face of the base of a silicon single 
crystal particle is abbreviation <100> is formed. However, a certain field of the silicon layer of an 
amorphous substance or polycrystal is irradiated in the shape of a pulse, shifting piling up an 
ultraviolet-rays beam. And by making the configuration of an ultraviolet-rays beam into the shape of a 
rectangle (namely, thing for which an ultraviolet-rays beam with the very sharp standup of the energy in 
the edge of an ultraviolet-rays beam is used) Although a balance temperature condition and cooling 
(coagulation) conditions of a certain kind are satisfied in accumulation therefore, it is presumed that such 
a silicon single crystal particle group is formed. Moreover, the preferred orientation of the silicon single 
crystal particle formed on a base from a viewpoint of the free energy on the front face of Si over the base 
with which the reason the preferred orientation to the front face of the base of a silicon single crystal 
particle turns into abbreviation <100> bearing consists of Si02 (it is a wrap about a base) is presumed to 
become abbreviation <100> bearing. 
[0032] 

[Example] Hereafter, with reference to a drawing, this invention is explained based on a desirable 
example. 

[0033] (Example 1) An example 1 is related with the silicon thin film and its formation approach of this 
invention. In the example 1 , the ultraviolet-rays beam was irradiated in the shape of a pulse at the 
amorphous silicon layer formed on the base which consists of Si02, and the silicon thin film which 
consists of a silicon single crystal particle group on a base was formed. The exposure conditions of an 
ultraviolet-rays beam etc. are shown in the following table 1. 
[0034] 
[A table 1] 

Ultraviolet-rays beam: XeCl excimer laser (wavelength of 308nm) 

Dose :320 mJ/cm2 Pulse width: About 26n second Frequency : About 200Hz Shape of beam : Rectangle 
configuration with a (width-of-face W) 400-micrometerx die length of 150mm Movement magnitude L : 
4 micrometers R:l% (=4micrometer/400micrometerxl00) of movement magnitude rates 
[0035] The SiN film 11 with a thickness of 50nm was formed on the substrate 10 which consists of a 
quartz, and, specifically, subsequently to a it top, the base 12 which consists of Si02 with a thickness of 
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lOOnm was formed, then, a base 12 top - the amorphous silicon layer 13 with a thickness of 30nm - 
PECVD — membranes were formed in law. this condition — a part typical to (A) of drawing 1 — a 
sectional view shows. Subsequently, the ultraviolet-rays beam was irradiated in the shape of a pulse at 
the amorphous silicon layer 13 formed on the base 12 on the conditions shown in a table 1. this 
condition ~ a part typical to (B) of drawing 1 - a sectional view shows. In addition, in (B) of drawing 1 , 
the field of the silicon layer 13 where the last ultraviolet-rays beam was irradiated was expressed with 
the dotted line, and the field of the silicon layer 13 where this ultraviolet-rays beam was irradiated was 
expressed with the alternate long and short dash line. In an example 1, although the movement 
magnitude percentage (R=L/W) is 1% therefore, the amorphous silicon layer 13 in a certain location is 
put to pulse-like ultraviolet laser 100 times. In an example 1, although the source of an ultraviolet-rays 
beam was fixed and the substrate 10 was moved, a substrate 10 may be fixed, the source of an 
ultraviolet-rays beam may be moved, and both a substrate 10 and the source of an ultraviolet-rays beam 
may be moved, some obtained typical silicon thin films 14 — a sectional view is shown in (C) of drawing 
I . In addition, a dotted line shows the grain boundary among (C) of drawing 1 . Each of a silicon single 
crystal particle had the cross-section configuration convex [ center section ] in a depression and a 
periphery. 

[0036] The result of having observed the obtained silicon thin film with the transmission electron 
microscope is shown in the electron microscope photograph of drawing 2 . In addition, the sample for 
transmission electron microscope observation consists only of the silicon thin film which etched a 
substrate 10, the SiN film 11, and a base 12 using the mixed liquor of HF/H20=l/2, and was obtained. 
Drawing 2 shows that the obtained silicon thin film consists of the silicon single crystal particle group of 
an abbreviation rectangle. The preferred orientation to the front face of the base of a silicon single crystal 
particle was abbreviation <100> bearing. Moreover, die length of one side of the silicon single crystal 
particle of an abbreviation rectangle was 0.1 micrometers or more. Two sides which the silicon single 
crystal particle of an abbreviation rectangle faces were the migration direction of an ultraviolet-rays 
beam exposure location, and abbreviation parallel. The crystal face which constitutes these two sides 
was {220} sides. In addition, two sides which the silicon single crystal particle of an abbreviation 
rectangle faces depending on an observation location had accomplished the include angle of the 
migration direction of an ultraviolet-rays beam exposure location, and 45 abbreviation. 
[0037] In the case of non-orientation, the polycrystalline silicon of the ratio of the diffraction 
reinforcement II 1 1 from {111} sides and the diffraction reinforcement 1220 from {220} sides was 
completely II 1 1 :1220=5:3. On the other hand, the value of II 1 1 :1220 in the silicon thin film obtained in 
the example 1 was 1 :4. Analysis of this diffraction intensity ratio also shows that the preferred 
orientation to the front face of the base of a silicon single crystal particle is abbreviation <100> bearing. 
In addition, when seen from the whole silicon thin film, the silicon single crystal particle of about 30% 
of number had <100> bearings to the front face of a base among the silicon single crystal particles which 
constitute a silicon single crystal particle group, and bearing to the front face of the base of the remaining 
silicon single crystal particle was random. Moreover, the silicon single crystal particle which is not 
parallel existed [ a vertical direction and <100> bearings ] strictly on the surface of the base. 
Furthermore, many things whose crystal orientation of the adjoining silicon single crystal particle 
corresponds by making some silicon single crystal particles into a unit were accepted. 
[0038] The front face of the silicon thin film obtained in the example 1 was observed and measured in 
AFM (Atomic Force Microscope). A measurement result is shown in a table 3. Moreover, the 
photograph of a surface observation result is shown in drawing 3 and drawing 4 . In addition, drawing 3 
is as a result of [ of 3 micrometer around ] observation, and drawing 4 is as a result of [ of 20 micrometer 
around ] observation. Drawing 3 and drawing 4 show that the obtained silicon thin film is the silicon 
single crystal particle group arranged in the shape of a grid on the base. That is, it turns out that each of a 
silicon single crystal particle is located in a line like [ it is regular and ] a go stone also in **. Moreover, 
**** is also accepted for linear stripes in drawing 4 toward the lower left from the upper right. Striped 
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spacing is about 4 micrometers and this value was in agreement with the movement magnitude L of an 
ultraviolet-rays beam exposure location in general. Moreover, two sides which the silicon single crystal 
particle of an abbreviation rectangle faces had accomplished the include angle of the migration direction 
of an ultraviolet-rays beam exposure location, abbreviation parallel or the migration direction of an 
ultraviolet-rays beam exposure location, and 45 abbreviation. 

[0039] (Example 1 of a comparison) In the example 1 of a comparison, the silicon thin film was formed 
on the base by the same approach as an example 1 except having changed movement magnitude L and 
the movement magnitude rate R with the example 1 . The movement magnitude L in the example 1 of a 
comparison and the movement magnitude rate R are shown in the following table 2. 
[0040] 
[A table 2] 

Movement magnitude L (micrometer) Movement magnitude rate R (%) 

Example of comparison 1 A 40 Example of 10 comparisons IB 200 Example of 50 comparisons 1C 400 
100 [0041] The front face of the silicon thin film obtained in the example 1 of a comparison was 
observed and measured in AFM. A measurement result is shown in a table 3. Moreover, the photograph 
of a surface observation result is shown in drawing 5 (example of comparison 1 A), and drawing 6 
(example of comparison IB). In addition, drawing 5 and drawing 6 are as a result of [ of 3 micrometer 
around ] observation. Drawing 5 and drawing 6 show that movement magnitude L is lost where the 
obtained silicon thin film is arranged in the shape of a grid on a base in 40 micrometers or more. 
Moreover, it turned out that the irregularity of a silicon thin film also decreases as movement magnitude 
L became large. 
[0042] 
[A table 3] 

Movement magnitude rate R Ra (micrometer) RMS (micrometer) 

Example 1 1% 1 1.71 Example of 14.50 comparisons 1 A 10% 8.66 Example of 10.83 comparisons IB 
50% 4.81 Example of 5.98 comparisons 1C 100% 5.21 6.30 [0043] Furthermore, the movement 
magnitude rate R was fixed to 10%, and although the dose of the ultraviolet-rays beam which consists of 
XeCl excimer laser was changed with 280 mJ/cm2,320 mJ/cm2,340 mJ/cm2,360 mJ/cm2, the preferred 
orientation to the front face of the base of a silicon single crystal particle was not able to form the silicon 
thin film which is <100> bearings. 

[0044] (Example 2) An example 2 and an example 3 are related with the semiconductor device and its 
manufacture approach of this invention. In the example 2, the formation approach of the silicon thin film 
explained in the example 1 was applied, and the n mold-thin film transistor which has bottom product 
gate structure was produced. After forming in the front face of a glass substrate 20 first the insulating 
layer 21 which consists of Si02 in production of this semiconductor device, the polycrystalline silicon 
layer by which the impurity was doped was made to deposit on the whole surface with a CVD method. 
And patterning of this polycrystalline silicon layer was carried out, and the gate electrode 22 was 
formed. Next, the base 23 which consists of Si02 was formed in the whole surface with the CVD 
method. This base 23 functions also as gate oxide. 

[0045] next, the base 23 top which consists of Si02 like an example 1 - the amorphous silicon layer 24 
with a thickness of 40nm — PECVD - membranes were formed in law (refer to (A) of drawing 7 ). And 
the ultraviolet-rays beam was irradiated in the shape of a pulse at the formed amorphous silicon layer 24 
(refer to (B) of drawing 7 ), and the silicon thin film 25 which consists of a silicon single crystal particle 
group on a base was formed (refer to (C) of drawing 7 ). The exposure conditions of an ultraviolet-rays 
beam etc. presupposed that it is the same with having been shown in a table 1 . Moreover, in (B) of 
drawing 7 , the field of the silicon layer 24 where the last ultraviolet-rays beam was irradiated was 
expressed with the dotted line, and the field of the silicon layer 24 where this ultraviolet-rays beam was 
irradiated was expressed with the alternate long and short dash line. 

[0046] Then, the source drain field 26 and the channel field 27 were formed by performing the ion 
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implantation of an impurity to the field which should form the source drain field of the formed silicon 
thin film 25, and subsequently activating the impurity by which the ion implantation was carried out. 
And after making the insulating layer 28 which consists of Si02 deposit with a CVD method, the 
photolithography technique and the RIE technique were used for the upper insulating layer 28 of the 
source drain field 26, and opening was formed in the whole surface. And after making the wiring 
material layer which consists of an aluminum alloy deposit in a spatter on the insulating layer 28 
including the inside of this opening, patterning of the wiring material layer was carried out, and wiring 
29 was completed on the insulating layer 28 (refer to drawing 8 ). This wiring 29 is connected with the 
source drain field 26 through the wiring material layer embedded in opening. 

[0047] (Example 3) In the example 3, the n mold-thin film transistor of a bottom product gate mold was 

produced by the same approach as an example 2 except having changed movement magnitude L and the 

movement magnitude rate R with the example 2. The movement magnitude L in an example 2 and an 

example 3 and the movement magnitude rate R are shown in the following table 4. 

[0048] (Example 2 of a comparison) In the example 2 of a comparison, the n mold-thin film transistor of 

a bottom product gate mold was produced by the same approach as an example 2 except having changed 

movement magnitude L and the movement magnitude rate R with the example 2. The movement 

magnitude L in the example 2 of a comparison and the movement magnitude rate R are shown in the 

following table 4. 

[0049] 

[A table 4] 

Movement magnitude L (micrometer) Movement magnitude rate R (%) 

Example 2 4 One example 3 20 Example of 5 comparisons 2 A 40 Example 2B of 10 comparisons 360 
90 [0050] In this way, the property of the n mold-thin film transistor of the bottom product gate mold of 
the produced example 2, an example 3, example of comparison 2A, and example 2B of a comparison 
was evaluated. In assessment, it was referred to as Vd=10V and Vg=15V, and the drain current (ION) 
was measured. A result is shown in drawing 9 . When the movement magnitude percentage R is 5% or 
less so that clearly also from drawing 9 , the value of a drain current (ION) is increasing. 
[0051] (Example 4) An example 4 is related with a flash plate memory cell and its manufacture approach 
at the silicon single crystal particle group of this invention and its formation approach, and a list. 
Hereafter, an example 4 is explained with reference to drawing 1 0 and drawing 1 1 . 
[0052] the component isolation region 31 which has LOCOS structure by the well-known approach in 
the silicon semi-conductor substrate 30 first in an example 4 - forming - a well - an ion implantation, a 
channel stop ion implantation, and a threshold adjustment ion implantation are performed. In addition, 
the component isolation region may have trench structure. Then, RCA washing removes the particle 
metallurgy group impurity of the front face of the silicon semi-conductor substrate 30, subsequently, a 
hydrofluoric-acid water solution performs surface washing of the silicon semi-conductor substrate 30 
0.1%, and the front face of the silicon semi-conductor substrate 30 is exposed. Subsequently, based on a 
well-known oxidation style, the tunnel oxide film (it is equivalent to a base) 32 with a thickness of 3nm 
is formed in the front face of the silicon semi-conductor substrate 30. 

[0053] then, the example 1 — the same — the tunnel oxide-film 32 top — the amorphous silicon layer 33 
with a thickness of about 40nm — PECVD - membranes were formed in law (refer to (A) of drawing 10 
). And the ultraviolet-rays beam was irradiated in the shape of a pulse at the formed amorphous silicon 
layer 33 (refer to (B) of drawing 10 ), and the silicon thin film 34 which consists of a silicon single 
crystal particle group on the tunnel oxide film 32 was formed (refer to (C) of drawing 10 ). The exposure 
conditions of an ultraviolet-rays beam etc. presupposed that it is the same with having been shown in a 
table 1. In addition, in (B) of drawing 1 0 , the field of the silicon layer 33 where the last ultraviolet-rays 
beam was irradiated was expressed with the dotted line, and the field of the silicon layer 33 where this 
ultraviolet-rays beam was irradiated was expressed with the alternate long and short dash line. 
[0054] As a result of observing the obtained silicon thin film in a transmission electron microscope and 
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AFM, it was admitted that the silicon single crystal particle group which the silicon single crystal 
particle 35 of the abbreviation rectangle whose one side is about 0.3 micrometers arranged in the shape 
of a grid on the base was formed. Moreover, the preferred orientation to the front face of the base of a 
silicon single crystal particle was abbreviation <100> bearing. In addition, when seen from the whole 
silicon thin film, the silicon single crystal particle of about 30% of number had <100> bearings to the 
front face of a base among the silicon single crystal particles which constitute a silicon single crystal 
particle group, and bearing to the front face of the base of the remaining silicon single crystal particle 
was random. Moreover, the silicon single crystal particle which is not parallel existed [ a vertical 
direction and <100> bearings ] strictly on the surface of the base. Furthermore, many things whose 
crystal orientation of the adjoining silicon single crystal particle corresponds by making some silicon 
single crystal particles into a unit were accepted. Moreover, two sides which the silicon single crystal 
particle of an abbreviation rectangle faces had accomplished the include angle of the migration direction 
of an ultraviolet-rays beam exposure location, abbreviation parallel or the migration direction of an 
ultraviolet-rays beam exposure location, and 45 abbreviation. 

[0055] then, the adjoining silicon single crystal particle 35 — alienation — it considered as the condition. 
The obtained silicon thin film 34 was oxidized in the oxygen gas ambient atmosphere for 1000-degreeCx 
20 minutes, and, specifically, the field 36 which consists of silicon oxide (Si02) was formed between 
adjoining silicon single crystal particle 35A (refer to (A) of drawing 1 1 ). The average thickness of 
silicon single crystal particle 35A after oxidation is about lOnm, and magnitude is set to 7-13nm. 
Moreover, this silicon single crystal particle 35 A had arranged in the shape of a grid on the tunnel oxide 
film 32 (base) at fixed spacing (about 0.3 micrometers). That is, each of a silicon single crystal particle 
was located in a line like [ it is regular and ] a go stone also in **. In this way, the floating gate 37 which 
consists of two or more silicon single crystal particle 35 A is formed. In addition, generally oxidation of 
silicon advances preferentially from the grain boundary. Moreover, the preferred orientation to the front 
face of the tunnel oxide film 32 (base) of the silicon single crystal particle 35 is abbreviation <100> 
bearing, and since bearing of a silicon single crystal particle group has gathered in general, the thickness 
of the silicon single crystal particle after oxidation and the controllability of magnitude are good. 
[0056] Then, patterning of the field 36 which consists of silicon oxide (Si02) is performed, and the field 
36 and silicon single crystal particle 35 A which consist of unnecessary silicon oxide are removed. And 
after forming an insulator layer 38 with a CVD method on the whole surface and forming the 
polycrystalline silicon layer by which the impurity was further doped on the insulator layer 38 with a 
CVD method, patterning of a polycrystalline silicon layer and the insulator layer 38 is carried out. In this 
way, the control gate 39 which consists of a polycrystalline silicon layer is formed. 
[0057] Then, the source drain field 40 and the channel field 41 were formed by performing the ion 
implantation of an impurity to the field which should form the source drain field of the exposed silicon 
semi-conductor substrate 30, and subsequently activating the impurity by which the ion implantation was 
carried out (refer to (B) of drawing 1 1 ). And after making the insulating layer which consists of Si02 
deposit with a CVD method, the photolithography technique and the RIE technique were used for the 
upper insulating layer of the source drain field 40, and opening was formed in the whole surface. And 
after making the wiring material layer which consists of an aluminum alloy deposit in a spatter on an 
insulating layer including the inside of this opening, patterning of the wiring material layer was carried 
out, and wiring was completed on the insulating layer. This wiring is connected with the source drain 
field 40 through the wiring material layer embedded in opening. In this way, the flash plate memory cell 
(nano dot memory) was produced. 

[0058] As mentioned above, although this invention was explained based on the desirable example, this 
invention is not limited to these examples. Various kinds of conditions of having explained in the 
example, and the structure of a semiconductor device are instantiation, and can be changed suitably. In 
an example, although the amorphous silicon layer was formed on the base, the silicon layer of 
polycrystal may be formed. A base may be heated in case an ultraviolet-rays beam is irradiated in the 
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shape of a pulse at the silicon layer of an amorphous substance or polycrystal. It is performing etchback, 
for example depending on the case, and flattening of the front face of a silicon thin film may be 
performed. Moreover, in the semiconductor device or its manufacture approach of this invention, a 
source drain field and a channel field can be formed in one silicon single crystal particle formed on the 
base, and one transistor component can also be produced from one silicon single crystal particle. In this 
case, what is necessary is to carry out patterning of the silicon thin film, for example based on a 
lithography technique and an etching technique, to remove an unnecessary silicon single crystal particle, 
and just to separate the adjoining silicon single crystal particle. Or what is necessary is to oxidize the 
silicon thin film formed again on silicon oxide and the base with etch selectivity which consists, for 
example of silicon nitride etc., and just to separate the adjoining silicon single crystal particle by etching 
this silicon oxide, after forming the field which consists of silicon oxide between the adjoining silicon 
single crystal particles. Furthermore, the typical thing for which the floating gate of a flash plate memory 
cell is constituted from a silicon thin film of this invention, or the floating gate of a flash plate memory 
cell is formed again based on the formation approach of the silicon thin film of this invention is also 
made to drawing 12 so that a sectional view may be shown in part. 
[0059] 

[Effect of the Invention] In this invention, the preferred orientation to the front face of a base can form 
easily the silicon thin film which is abbreviation <100> bearing in a short time, and, moreover, a silicon 
single crystal particle group can be regularly arranged on a base (insulator layer). It can follow, for 
example, control of a property much more more advanced than that of TFT and homogeneous 
improvement in a property can be aimed at, and it becomes realizable [ a SOI technique ] by forming 
TFT in a detailed silicon single crystal particle. Moreover, since the crystallinity of a silicon thin film 
improves also in macro, the property of TFT used for the liquid crystal panel for LCD etc. also improves. 
Moreover, the flash plate memory cell (nano dot memory) in which the low-battery actuation adapting 
the direct tunneling effectiveness and electronic are recording is possible is realizable. Furthermore, if 
the floating gate of a flash plate memory cell is constituted from a silicon thin film of this invention, 
since dispersion in the particle size of the silicon particle which constitutes the floating gate can be made 
small, the flash memory which fluctuation cannot produce easily in the threshold voltage after data 
elimination can be realized. 
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ft*. 

[00 07] 

fM^^fg(cg^$ii5tS»<^kT Cis . i-- y 3 y 

y'J3 y*4SAS^»S:a9IWK:l6»IIU:US5iJ-r 
l» ■! k a^figi&ixtf . mm T FTc7)i; 0 -jb»j8K: 



U 10<0^y3yijlMAftWci^TFT$:^j£ 

[0008] mm.<mmiz^ y 3 y&$>& wmfk&z 

HfFPS-l 2 54 2 2-^&#B. #^¥5-2 2 6 24 6 
1t§a^6 - 9 7 0 7 4^^^gBT6 - 3 0 
2 5 1 2#4M6fr64MirC£,*. *HIPF3- 12 542 

u y v ?j 7 a tmnz j: o-cuw^s/ y 3 >msv^4 

*S<« «fSB¥5-2 26 2 4 6^4»|l, 

- 9 7 0 7 4^&»* S ^{^^6 - 3 0 2 5 1 2*% 

'mizm^ztitzmiiz&^xii. m< z b 

iitt. xy3y#^ B S z F^)»«Xg* s 1S5S^tf* l 0 

b^o $m tfhh, 

[0009] -n. ss, ^»^tt^t =e y con3i*5^ 
fc^/t'j ^K^aMbtstffimE^jt^^itT 

*srffa. znnwi&xmtfm&ixx^zw. 

Wr(Hitf8MV/cmJjU:) *m\LX7T*77- 
■ 7 n Hrt f A h y*yU«S*a-«rtfe6 t HRWT'ft 

[00 10] bZbX\ Z^y yisj-ji^OiZtiVtZ 

(4. 7 n-f < y^y- h zmfct&zmgk^o 3 

'Jy/j . ItMbMI^IS. Vo 1 . 9, No. 
5. 469-484W. 1 996^5^ K$g££ilT 

i**y&HJS$-£6*:a6^-^8fc LT. x'jnyt 
y ? 'J x ^ 7o-f< y?7- h 5r 1. 7 7 
•y>^.ytyA ? . ASK "A silicon nanocrystal based 
memory". S.Tiwari, et al . . Appl. Phys. Lett. 6S(1 
0), 4. PP1377-1379, 4 March 19% lZ$m$i\X^ 
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3tiR "A Room-Temperature Single-Electron memory De 
vice Using Fine-Grain Pol ycrystal line Silicon", K. 
Yano, etal., IEDM93, pp541-544 K^$*rU^i>. 

[ooii] T-m£mmmwKizmtf!ktm.^ 
tc. ^wc«*ei*^y3ytt*e^ii!i»Pttj*<«is 

[00 12111^, *#5!0!)B»li. tfcgtf&o£# 

'hs*:^ y 3yw&a&tt*mmzmt±.&mt 

Sdfc5r^|gi:L. UK>. 'J 3 y#fi!i B B B &^IM 
Jfcfc^fcfloJfiiSISrcfT 3 £ fc Sv-'J 3 y »J£I 

BtfttmzTfttztiKi' y n ^aua* y 3 y# 

[00 1 3] 

ztitzit&m l < itz&ikni'V 3 >m£.m* f- 

A £ y WXfflz-C ggSt U v 'J a y m& B B B SiW £>fi£ 

s i/ y 3 ymm* m»±£M&-th y 3 ym&<r>Bf& 

li&mtm h*-JUHg|tffiB^»»* ( L ) £ 4 0 ju mfcl 
T. ffiL<li4*tmOTi: U flo, »IW5r|6ifc«Jo 
Tfflr>fe«?H8b'-A<o(g (W) fc*tt-4KS8««>»J 
*(R = L/W)S0. 1BM5%, #*L<140. 5 
%Jbm2. 5%tl. tlT. »ft±«§7«l»J 

B 9 B e : r^i*<osiffiit«t4a»ort436 j w < 1 0 0 > * 

&TJ> & y 'J 3 y »M£]Bi£-r * i 1 5:13 Sti: •* h . 
[0014] 'J 3 >9H»i. S*±fcfg^K 

tSM Ltz^mWsV 3 > -*gflS^ WA^JR 0 . v 

< 1 0 0 > U&x-frhZkZW&ti-Z. 

[ooi5] ±iicomtem&tttt^mm*m 

ft«B^WMra«. Stt±KffM£ft£!>kP B «£L< 

ItU v 'J 3 yiMSflfiffSfrfclS* v 0 3 y» £££ 
«c±C»« Urtt. Kv 'J 3 y|I!gm L < tiisV 3 yjji 



ggttttlOSIMt ( L ) f-4 0/xmWT. i?*L<{44 

-AfOiRl (W) fc«T4B*»*on^ (R = L/W) 
£0. 17^5%, Jtr£L<li0. 5%7b52. 5%£ 

JMSJItt^ »3&»4>* 0 . 5" 'J 3 yJWSJHfcp <7ym.?>%. 

mizHtimmmw < 1 o o > ^{jt'^ a v y 3 y 

[0016] tfrnfotmrnmu. &&±iz&?mz 
mm immvi' ii 3 y#fe B B B e^sp*^s; o , v y 

3y#SSHa^o*«cO^HtJtt^UR^fimi& < 1 

ooy-Km.x-hzi'ViyBm. ^v<im : ^u^y^ 
tegyftL^zB&ztitiv-x ■ vujyfm&v*** 

[0017] 

miifLCDm®&'<*Mzm2tih h yry- y-m 
%i<ii#hj»7 t -hm<7)mmbyy : Jx?*. soi 

mm^Ft lX<Vffl& h y yVX ?)^MO SS^#: 

s. *^^^'j3>?ifiatx-e^«^ii, 
[0018] *f6fflo>' y 3 >fmai^-eo}g«*ffi, 

O^y3ym^ H H B ^ ; ri0-21<7)ftS{i. 0. 0 5jum£l 
±, »4L<li0. liumJ2U:T**ifc#a*U\ 
z\Z\X\ fc&BOis y 3 y*|gflSi=-f: i» ^ 3 fflUCd. 

w»t3i i x y 3 ymsjukTtf (t?^ < - ft a* 

^(t^^o>-y3ym^ B B a fii^i^^ix2»„ ft 
*«X»tfcJe^^'j 3 y*m a B B fiWS^-(2fe(ti,-ffl 

£Oft § 4: « . Xttft rffiiXft hix^M^ V 3 y 

mx-h h. tti. is y 3 y»K<w%K»ii i x i o - 8 

mJbSl x 1 O-'m. MKlilx 1 0- 8 m.TbS6x 
1 0- g m, ± ")SfS L <ti 1 X 1 0-^.^14 X 1 0' s 

mt^o; ta^M^ lv\ i/y 3 yfUKvp^BW** i 

x l 0- 8 m*)l-eJi. WitfiNHt^ll^KaciltJ^ 

4 1 y y 3 y aBkoT^K w* 1 1 x 

1 O-TrnZmt-hk. A*l.y'j3Xif^|,tft|: 

$ft.*#ftitg l < (i^ B B B io>- y 3 ymvmm 
t^»»^{a* { B§ < i o o > *fi-ctt*<*4sw«ai> 

[0019] 3 >1S^Mi>'(C*ag*^S(C 

fev^r<4. ^viym&f&mi. m^zm^ti 
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^mffltts T*>iBfc*s »t* iswir-ijHHttww 

fA ( L) 1140^7, mi<U4umttTX% 
y. flo. Wftfirmici&->T*->fcj»Mie-A«Xi 
(W) £ttth!SffimM0m& (R=L/W) 140. 1 

#|S|i:*4 5**>ft*£j£1-. ^Xi3£f§j£^l>& B B B 
Bli { 2 2 0 } mV$)&. W*>. ■MBBOi'y 
fifi : F<0-ia*»*f &S B B B ffl(i 12 2 0} fflT-J>&. 
[0020] JJE^IW*»d«-4fcAO*SMB<0^U . 

ftfSMWTg L < ti^^co yj3 yjf cf«t- a 

fclHBBOS" f 3 >m^ B B B S^^<i>6c: »J, ^'J3>* 
^ B ie : P^)»*CO^ffltC>tttl»»ll?^e* J B& < 1 0 0 > 

thWis y 3 y&fegfottfmmt ? «za^^j£ 

* v 'J a y#S B B H e^ffif<0©JS^ftTA * . -£ L/C, *g 

h'-A^HWHii&4t'^iat:tJ»t*3)S«-at-i»Ba«ffl 
Wmm%. < L ) £ 4 0 jumOTs #t£ L<(44ju m& 

13 (W) fc*tt4K&i*<0fl£ ( R= L/W) 6 0 . 
1A£5%, #4 L<140. 5%Pm.2. 5%tflZ 

[0021] -Hm/toi/ ') 3 yw&s&f-mi. 
sistJttssiR^rQ** < i o o > jretcasiww) 

Vkm<r>^ y 3 yWMH&HrbA 9 , y y 3 y#^ B B B 

[0022] ±IB«a«Sra*-r43tA<0*5Si»07 7 
•y > y -t/u^ffiit^-ati . ( >f ) h y*nWW 

§LB=IS7 tfCEai L ^Efc^coy 'J 3 ymtSKSrm 

tcstt &amt&tt#i& < i o o > frtrcfcsi- y 3 >n 

*£»**4Ifi fc . ( o ) Rg-f h >) 3 y* 

mmmvmti. ax. 5"j3>*4Sfl&?S0»6 

7D-f -f >- ^y- h Sr.^lR'f *ISSr*tr 7 7 y 

SjHHItt*^iatcfettS«>l«t'-AB|[9tittjB09» 
ffi(L) $r4 0^mWT. »i l< (44 /zmtlTt L, 



fc«1-iK»WI<0»& ( R = L/W ) £ 0 . 1 7bS 5 
«. »4L<I*0. 5%Jbm2. 5%btZZb$WS$i 

[0 02 3] *%PR<7)7y vis -tMi. by* 
>l&ftM±.liZBf8.Zti. tlx. by^MWmn«B 

tzm-tmoiwm < 1 o o > *Q.x'hzimm& 
m<n> y 3 ytm&ftTfr^&h 7 o-r < y??- b 

*rfiii.£:7 7 v i/a/t 'J -fe^T'JboT , y|L*£ 

6. ft. ^IS^cJ,|,^'j3ym^ B B B |i^JS$|j;, . 
lxiO- 6 mM8xiO- 8 m. 1ff4 L<J42 X 1 0" 8 
m]S5xi 0-»mT'$)*>ItA»*M4LV\ 
[0 0 24] 49M^>7?y^A^«UH:;K **v^li 

? ••/ v-i^ ^ y -t/UDset^atr-ciBssix 
s 7 5 ••/ \/ i-x t y -b^wi , a*6<j^«. ^mmsx 
\±*s y 3 yjnygjfcs y-x ■ yva ymmmi- 

h y*)umttm±.£Bf8.ztit:7X3-T -i y??- b 

b. Zcr>7a-7-4y?'7-bZmoimmb. 3yh 

[0025] *WS»5/»J 3 y#^ B B B f4^l¥J>|,v%(i:7 
y-fcMcfcOTJi:, ^y3y#^ B B B S^Sf 
Ji . ( A ) ( * I < it b y^ivmm ) ±.lzBtfLZ 
JifclHHraf L •< tt^Sfi<0^ y 3 ySC^I-^ t'-A 

BfUR) ±ic^«{cE?iJL^B^»o^y aymik 

y . y y 3 yjwsfta^)»«s ( m i < i± 
hy*;nwui) ostBftc^saat&ffi*** < i o 

0> *{iT\1i*yy=2>fSlil$ffM-tSXSi:. (o) 

Bwrt *^^»j 3 y&%im.=F$:imvmt -thjomz 
&i%ffiSL*tii. x ix. m&tn&imt'-Acm 

mzmzmftWLV-j*mttm?#m&. ( d i±4 o 

^mJMT. mi<li4umVJ.TTb*). 
rtK»->T*-jfc«J«lt-A«« (W) t*ff6S» 
iftftcoSte- ( R = L/'W) (40. 1^5 % . &4 1 < 
(40. 5%P?^2. 5 %?$}&Z ttimt. IW 
[0026]^, *mi<7)i>- 'J 3 y*jg B a B S^SL< 
S << ->(47 5 v y t y -tr^L < (4 
-t^KJIttraciJ^-Cli. XS (d) ««8W-*5/y3 

y&teikmTZViffltf.m.ttixmt. xn(^i) tis 
yinafla^iacis-ffcy y 3 ya»&rt 

(d) wUfflrti^y nyJMSfttt^^BiattSRk-r* 
IS<4 . IS ( 4 ) (c fe v >T ffM § ixtz y y 3 y^H *• 
x y +■ y 7 1 . Bft^- s y y n y mSftB 1 ? WBItffiia 
*rfMfl»ISA'^^l>^>:* { 2* U^. it:. XS 
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<r>W a yJ|l|SfltfrF*>--ifltf>£3»:L ffi*4R 98^ 
ZbVft&UW. ISJ&JL 0. 0 5um&±?h&Z. 

kumtL^. $>&\,mx. iM m> iz&^xm&z 

tltiis y a >fHR<or%RI9ti lxiO; 3 mMlxi 
O-'m, jffiL<lilxl 0-«m7iM6xl 0- 8 m. J: 
D#£L<«il XI 0- 8 mJ 1 j^4X10- 8 mT£>6.rfc 
#H4 L\K Hfcii. Xg ( 4 ) KfcWC^&Sftf;^ 

mzmm-hin&ffiit < 2 2 o j mx-hh. ep*>, b&§ 

20} ffiT&2>. 

[0027] ifwmzmhm^hh^t v >*/nwb 

V&blX. gty'j3y(Si0 2 ) . sfl^yay 
(SiN) s SiON, i&itis 'J 3 y t S-ft^ U 3 >co 

1, E«»o±tccvDi»fc:i->TjfiiW4ifct,T' 

[0028] LTti, 3 0 8 n 

m«0»££#$-*XeC 1 x*>--?W— !f*£fflffc£tt 

fc^tt*«g*Mlt*-Atf)« (W) Ji. 4 

1 mmtiJ;M«U>. ?liJ*[i]i:iIli^[5it 

fS o t PJ o ^eEMj^RWft h'-A^R $ iiffiKr* 

o 7^rs^i-a t -a zm^z Z b ifi&i 

jgilT. XeC U4fy7U- >F£|g> T-yf *- 
* . f-A*jeBttC%-ft'^6 t'-A*t -f- 

[00 29] mmn%M®x-j±<r>m*£Tfr^m 

&t'-AB?JtftB<^»« ( L ) *>4 0 AtmSr^jt 

?(-||f-A<7jifa (W) <7)5%Sr^iftficOSiJ^- (R=L/ 
W) Stt±tc^#tcffi?a^»o 

*wix. yy ^ym^^m^mwizni-im 
jwe* 4 * < i o o > < & s i. . t 

fc.*9IUt«>M6 (R=L/W) Sgfl4gb*-ABBJt 
GB«08Htt*|6it:j&o -Cffl-jfc jfiJtHh*- A(?)« ( W ) 
<00 . 1 %*iHTii. XtV-Tf him< & 9ia?4. 
ft. St*l4gt'-AjI*:IIl5£U *«t«-8»$*TtJ:^ 



[0030]^^ 'J a yflilgaia^FS^ttjjEt 4 v 'J 
a ymmfatfcfcoft . 3 0 %iaJb^ROy y 3 y&%& 

m-tfisv ^y^im.TcDm^^mmiznix^ < 1 
0 0 > ztt 4*&tc . ym^ B B B s^ 
oiHfifc*«-i»R*(a*n8 < 1 0 0 

^-Tl). 4fc. *<1 00> UfaX-foZblt. y'J^y 

mafitfrpo < 1 0 0 > ^*^<*^stcsi:^i6i 
bzmmh. aa?*(akii. ^t^riikiiiftfit 

^ B B B !». %}&M%mix^2>t%-&. zoxozmm* 
M&mthhMtm&mbmtih. zix. ewl 

[0031] *38fflt:tiV>-C. «», ®^K^ai?H»t' 
-A^rajf^TA^»:o®g«c7)^[.^b'-AcoB8ftf^ 

(L) $:4 0MmUJ[TtL. fio. mW^-^WH^L 

mmmftizm-ixm-ytzmmt'-Anm <w> t 

*W*36»*»fc»lll*0«te' (R=L/W) SrO. IBM 

minis i) 3 yJMSfta^Sf^feiS 0 . y 'J 3 vitttA 
?*i L <7)»*o*Bpt:»-r2»SiR^{i*% < l 0 0 > X'fo 
&y>Jaymmtfm&Ziihc7)-t>\ TW&j&t&W L 
Ltctfh . L < ttZtegk^y y 3 ym<r>&h 

mmz. mn&t'-jt&mmtf t> lkw^ 

frxmzmi. Lfrfc, ^hSt'-A<O^KSr^K 

i d ^y y 3 y#IS B B B STP^BiS$ixl> k ffijg^ii 
4, v 'j3y#^ B B B m^c0S#:O«ffiC«-ri»S 

< 1 0 0 > n&bz&m&it. mtas 1 o 
■^Bn^&m&m < 1 0 0 > jrffitc** fcitjes 

it*. 

[0032] 

[mfiM] wt. mmzmnLx. L^msMtai 

[0033] (HiS0!l 1 ) SISfiCT 1 <i. *«h^^'J =z 

y»Ratf -e^sfc&atRi-rs . uttn 1 ttjv vc 

S i 0,*^fi£l»Sfr±tc«)*$nfv:# B B B SO>- , J 

v y 3 y#^ B a B m^l¥*^)t y'Jn yfSl ^fM L 
fc. ^|t*-AOB3^fri?*, UTnmilztjkt. 
[0034] 
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cm] 

$m-®t'-£. : Xe C 1 Xdf i<"?V 
Wfi& :320mJ/cm' 
AVl/^i|g:|5»2 6n# 
JIKSt :&200Hz 
t-i»#tt :(B(W) 4 0 0^m 
^ffilftL : 4/im 
^iftfifJ^-R : 1% (=4jum/4 
[0035] £*Wfctt. £3£*>&&*£Kl 0ct>±(c 
Jf$5 0nm<OS i NRl 1 * <7J± 

£JI$ 1 00 nmiOS i 0 2 *»fcf£SS*l 2*-|£§IL 
fc. **>8L 1 2_LCWS 3 0 nm^f^yij 
3V*13*PECVDifefc:T«|ILfe. i<^R«*, 

hi o (a) izm.m-^mmmx^t. &vvt\ * 

y'J3 1 3 (e^H&t'-ASrm<X#tTB?Jt L 
fc. ,I<7»R»S\ 111 co (b) fcfSWfr-afflrffiHT' 
5?t. W. 01?) (B) (c*nvc, fIig<7)*}«ltf-A 

«*>l«t-A*W$*ufe y 'J 3 yjf i 3*>«K£- 
AMMTSkLt:. WtWlfciNvctt, SttUfe ( R 
= L/W) «SffiEfcfcJt*#fl 
'Jnyjfl 312:. 1 0 0 HI. > WXROSIJIhRW 

~n:»§*t.s. ^atwic^i^Tu. mwx-im 

U **M8b'-AilS[^SHi§-frTt>J:^L. ffigl 0& 

v y 3 yfiH 1 4 (DmftWZ-BWimmzm l <o ( c > 
Il« (C) 4", ^ttttftBfffcijrf. 

s/usyjmsA&^^tL^fui, 4>*»jWh*, jam 

[0036] ff&ftfcS/- 'J 3 :^£j£|fi«?BnUi 

«. ajfS^KfiMtHKO^yxioKIWi. fflRl 0. 
S i NRl l&tfSftl 2 5:. HF/H 2 0=l/2«9 
«d*£JBi-vcx ■•/ f^LTSfcilfcy U 3 yUW) 
X-frh&Lh. 'fthtifzisVnyMWHt. *&&&0).i'V3 

sm&nwmfcnmmt.zttti&Wjmm < 1 o 

0>#ftT'£>o£. We^^yayJWftMW 
co-jHOg $ it 0 . 1 m fclJL T J> -s £ . B&*BE*cO >• U 

^t-ISf-^H3|f (i-gcof?|!)^[6] t B&4 5 #<7)fig£ ft L- 

XWc. 

Jfc»0l 1 A 4 0 

atxtm IB 2 0 0 



—f (?fcR308nm) 



00/tmX 100) 

[0037] » B B ^ y 3 y#3e£K#sier6]cr)*§£. 

{ 1 1 1 .} ffi*»^0*fS6ai,„t 1220} ffi*>£> 
aEHflMEI m tf>itli. I m : I 220 = 5:3t-&o 

I in : I m *>«i. 1 : 4T*ofc. COEWflMttt 

<W*n6^t), ^yny#^ B fi^<7)»«sco*jitcitt 
6a8Cfir(S»» < l 0 0> Sfflffcfti btftBh. 

fiSftt-5 : y 'J n y ««| AtSH^ft , ft 3 0 %OSto^ y 

3ymif»iiwu < i ooyn&z 

W&tifob < 1 0 0 > M«(Wt^ri^'J 3 

ymstk+m&Lx^, nut. msmwav 
[0038] mmm 1 tcT#^ii^^ y 3 ym^m 

Sr. AFM (Atomic Force Microscope) IZXfflM. SO 

^Uc. a5gfs*Sr*3^-r. ifc. mmmmgn 

«IS»T*»), 04tt2O/imH*OWSI*-C*4. 
03 at/0 4*^. {H^y'J 3>^RI2, 

4. ep^, ^y3>#^ a a B fi^(o-eii'eix(i. ^iijiel 

K<i , *±*» tc -> x wst/rttktm& i>m>t> 
to,. m<7)fflffiit&4umX'b<o. zcm.it, si^t' 
-^Mumcofm&Lbmh-wcLx^tz. 4*. b& 
«»<ovy 3ymig B B B f*^mMi-4-ia{i, au'Wir 

mmmmm-ftfa t bs 4 5 s^ft ssrft lt v ^ , 
[0039] (ibfj^j 1 ) mm 1 tcfei vtfi. mm 

LATffflhttteR£m&ilbm&e>itt:m*t. n 

StN 1 1 PI«<o^T'«f*:±tx y 3 ymmtmisti 
tz. imMiizmztms.LRi/W)fflfeR£. a 

T(T)^.2izfr<t. 
[0040] 
[*2] 

smn^R (%) 
1 0 

50 
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itmmiC 4 00 

[0041] imm i fcT»^itfei/y zytsmm 
-r. &fiB$tsgi<95it£S5 (jtiKfli a) a 

tfB6 (ikKWl B) ICS**. A. @5SVa6{i3/z 
#4 0 *t mtthT'U:. fcfctifci' 'J a >aBR{4*ft±t 



JtKWlA 
iHRWlB 

wmic 



i% 
1 o% 

5 0% 
10 0% 



R a ( 

1 1 . 

8. 
4. 
5. 



[ 0 0 4 3 ] Wc , SMM&R £ 1 0 XfcfflS L , X 
eC 1 X^^VU-if^^SJt^^mit'-jU^lt*^ 
280mJ/cm ! , 320mJ/cm 2 , 340mJ/ 
cm ! , 3 6 0mJ/cm-fc55fl:$-li^:*«, i/yayfli 
fe H H H e?-«0»|:£7)^iBt;»^SSS?*fiA^ < 1 0 0 > n 
ixLX'h h is y 3 y}Ilg£»l£* S £ t *. ! f # ft. 

[0044] .(HttM2 ) SHtH2&V28tW3tt. * 

■n&zmmLx. xv&Y-vnmm-rhrim-fm 

r>X\t. jfc*\ 0CD$mizS i 0 2 rt>£>)£ 

-MM2 2*»j£U:. *£. CVDftirt£ffifcS 
i Oj A»S>j£Sgfr 2 3 SrifoSiU:. £<D£tt2 3tty 

[004 5] SIMM l kfimz, SiO t ipe>fiL 

SXfc 2 3 ±{C, W 3 4 0 n m^HW) v 'J 3 >1 2 
4S:PECVDffitTK)RLfc (07?) (a) #gS) . 
* LT . JRfiES^fcOflKO v y 3 yj| 2 4 
-ASrVNV^tffcTfiSltL (07(0 ( B ) mk) . Sft 
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